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ABSTRACT.Two new fanworm species in the genera Fabriciola Friedrich and Fseudoaugeneriella Fitzhugh

are described from Panwa Bay, Phuket, Thailand. Fabriciola pbuketensis n. sp. is similar to Fabriciola sp.

cf. F. berkeleyi Banse, F. mediaseta Fitzhugh, F. rubra Fitzhugh, F. flammula Rouse, and F. cri Rouse in

having a low anterior peristomial ring collar, red peristomial and pygidial eyes, and abdominal neuropodial

pinhead setae. The new species is distinguished from F. mediaseta and F. rubra by the absence of thoracic

broadly hooded flagellate setae and differs from Fabriciola sp. cf. F. berkeleyi, F. flammula, and F. cri in

that it lacks crown and trunk pigmentation; it differs in collar construction as well. Fabriciola flammula

and F. cri were originally described as having broadly hooded flagellate setae. Examination of paratype

material reveals that all inferior thoracic notosetae are narrowly hooded; descriptions of the species are

appropriately emended. The total number of described Fabriciola species is increased to 16. Fseudoauge-

neriella brevirama n. sp. is the second species described in the genus and differs from F. unirama Fitzhugh

in having vascularized ventral filamentous appendages that are no more than half the length of the branchial

crown. Appendages in P. unirama are almost the same length as the crown. The monophyly of Pseudoau-

generiella is discussed, and cladistic relationships among Fabriciola species are presented.

INTRODUCTION

The present account describes a new species of Fa-

briciola Friedrich, 1939, and a new species of Fseu-

doaugeneriella Fitzhugh, 1998, from the intertidal

zone at Phuket Island, Thailand. Recognition of the

diversity of Fabriciola has especially increased dur-

ing the past several years. Including the species de-

scribed here, there have been seven Fabriciola spe-

cies described since 1990 (Fitzhugh, 1990a, 1992a,

1998; Rouse, 1993, 1996), giving a total of 16 spe-

cies. In the process of comparing the Fabriciola de-

scribed here to similar species, I found that the de-

scriptions of F. flammula Rouse, 1993, and F. cri

Rouse, 1996, must be emended with respect to the

type of thoracic notosetae in each.

Fseudoaugeneriella was originally described

from a single species, P. unirama Fitzhugh, 1998,

from Okinawa Island, Japan. Fitzhugh (1998) not-

ed that the genus resembles Augeneriella Banse,

1957, in that both have an anterior peristomial ring

collar only developed ventrally as a wide lobe, well-

developed triangular dorsal lips, and vascularized

ventral filamentous appendages. The difference be-

tween the two genera is that the filamentous ap-

pendages in Fseudoaugeneriella are unbranched,

whereas fully formed filaments in Augeneriella are
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branched to some extent. Fitzhugh (1998; see also

Fitzhugh, 1990b) pointed out, however, that fila-

ments in Augeneriella are initially unbranched,

with branching developing as animals grow. Based

on a cladistic analysis of Fabriciinae taxa, Fitzhugh

(1998) found the presence of unbranched vascular-

ized filaments to be plesiomorphic for the subfam-

ily, such that it is not possible to include P. unirama

in Augeneriella. Justification for the placement of a

second species in Fseudoaugeneriella as well as

monophyly of the genus are provided by an update

of the cladistic analysis of fabriciin genera and spe-

cies performed by Fitzhugh (1998).

SYSTEMATICS

Family Sabellidae Latrielle, 1825

Subfamily Fabriciinae, Rioja, 1923

Fabriciola Friedrich, 1939

Fabriciola pbuketensis n. sp.

Figures 1-2

MATERIAL EXAMINED. Indian Ocean, Andaman
Sea, Thailand, Phuket Island. Holotype: LACM-AHF
1896, Panwa Bay, just north (about 100 m) of Phuket

Marine Biological Center pier, scraping of low mat of de-

tritus and algae from shale rock, midintertidal zone, col-

lection made at low tide, depth 0 m, 18 August 1997, coll.

K. Fitzhugh. Paratypes: LACM-AHF1897, 11 specimens

(10 complete, 1 missing crown), same locality as holotype.

Paratypes: LACM-AHF1898, 11 specimens (2 complete,



9 lacking crown), same locality as holotype, scrapings off

dead, branching, Acropora - like coral, midintertidal zone,

collection made at low tide, depth 0 m, 18 August 1997,

coll. K. Fitzhugh.

ETYMOLOGY.The specific epithet refers to the

occurrence of the species at Phuket Island.

DESCRIPTION. Holotype a complete male

with 8 thoracic and 3 abdominal setigers; bran-

chial crown length, 0.45 mm; remainder of body,

1.70 mmlong; maximum width, 0.12 mm(Fig.

1A). Body slender, nearly uniform in width except

for slight tapering posteriorly. Branchial crown
with 3 pairs of radioles, distal ends filamentous,

same width as pinnules. Branchial or “radiolar”

skeleton ( sensu Rouse 1993) not observed. Radi-

oles each with 3 pairs of pinnules, all terminating

at about same height as ends of radioles. Dorsal

lips erect, triangular, rounded distally, and distinct

from dorsal-most radioles; low, distally rounded,

ventral liplike process present at base of proximal-

most pinnule of ventral-most radioles (Fig. IB).

Nonvascularized ventral filamentous appendages

present, slightly shorter than total length of radi-

oles, surfaces smooth, about same width as pin-

nules (Figs. IB, 2B-C). Dorsal margins of bran-

chial lobes not fused to one another. Branchial

hearts present. Anterior margin of anterior peri-

stomial ring as low membranous collar (Fig. 2),

with distal margin smooth all around; middorsum
completely separated by narrow gap; collar height

uniform. Collar of even thickness throughout,

about same length as posterior peristomial ring.

Annulation between collar and posterior peristo-

mial ring only present ventrally. Anterior peristo-

mial ring, including collar, about same length as

posterior ring. Middorsal medial lobe just dorsal

to mouth almost same height as collar. Pair of

round, red eyes in posterior peristomial ring. Se-

tiger 1 about same length as posterior peristomial

ring, distinctly wider than long; setigers 2-6 each

successively longer, with setigers 4-8 longer than

they are wide. Setiger 9 about same length as 1,

with setigers 10-11 each slightly shorter than se-

tiger 9. Pygidium about same length as setiger 11,

posterior margin slightly tapered, rounded. Some
paratype specimens exhibit greater longitudinal

contraction, with most thoracic setigers about as

long as they are wide. Pair of round, bright red

pygidial eyes. Superior thoracic notosetae elon-

gate, narrowly hooded, 3-4 per fascicle. Inferior

thoracic notosetae in setigers 2-8 also narrowly

hooded but shorter, 1 per fascicle. Abdominal neu-

ropodia of setigers 9-11 with very elongate, nar-

rowly hooded setae, 1-2 per fascicle, and 2 pin-

head setae per fascicle. Thoracic uncini acicular,

main fang slender; teeth above main fang slender

and slightly decreased in size away from fang;

hood not observed; 4-5 uncini per fascicle in sin-

gle rows (6-7 in some paratypes). Abdominal un-

cini with 5-6 rows of teeth in profile, 3-5 teeth

per row; manubrium over 2 times longer than den-

tate region, slightly expanded proximally (Fig.

1C); uncini in setigers 9-11 number 13, 12, and

10, respectively. Anus midventral, along anterior

margin of pygidium. Males with spermiogenesis

occurring in setigers 4-8, oocytes in females in se-

tiger 4. Preserved specimens white, no pigmenta-

tion on crown or body wall. Tubes composed of

fine, flocculent detrital material, total tube width

about 2 times greater than body width. Brooding

of young not observed.

REMARKS.This species falls within the Fabri-

ciola species complex defined by the presence of

abdominal neuropodial pin-head setae ( sensu Ben-

Eliahu, 1975), which includes F. mediaseta Fitz-

hugh, 1990 (Aldabra Atoll, western Indian Ocean),

Fabriciola sp. cf. F. berkeleyi Banse, 1956 ( sensu

Fitzhugh, 1992a; California), F. flammula Rouse,

1993 (Belize), F. cri Rouse, 1996 (Papua NewGuin-

ea), and F. rubra Fitzhugh, 1998 (Okinawa Island).

Fabriciola mediaseta and F. rubra have broadly

hooded, flagellate setae in thoracic notopodia,

whereas inferior notosetae in F. phuketensis, Fabri-

ciola sp. cf. F. berkeleyi, F. flammula, and F. cri have

elongate narrowly hooded setae. The body of F.

phuketensis lacks pigmentation, whereas Fabriciola

sp. cf. F. berkeleyi and F. cri have peristomial and

branchial crown pigmentation, respectively. The
posterior margin of the middorsal collar gap in F.

flammula (Rouse, 1993: figs. 1-2) and F. cri (Rouse,

1996: figs. 1-2) is noticeably expanded, whereas

the gap in F. phuketensis is uniformly narrow (Fig.

2A).

Rouse (1993, 1996) allied F. flammula and F. cri

with F. mediaseta on the basis of the fact that the

3 species have inferior, notopodial, broadly hood-

ed, flagellate setae {sensu Fitzhugh, 1990a: fig. 6C;

see also Fitzhugh, 1998: fig. IB) in some thoracic

setigers. Rouse (1993: fig. 3; 1996: fig. 3) described

these species as having these setae in setigers 2-8

and 2-6, respectively. After examining paratypes of

F. flammula and F. cri, I find that these species do

not have broadly hooded, flagellate setae. I com-

pletely concur with Rouse (1996) that in F. cri,

there are qualitative differences in hood shape in

some setigers, and, as much as possible, these dif-

ferences should be reported. Comparatively, how-
ever, I regard the setae in F. cri to come closest to

the condition of elongate narrowly hooded as op-

posed to flagellate. In the latter condition, there is

a marked disjunction between the hood and distal

continuation of the shaft. The setae in F. flammula,

F. cri, and F. phuketensis show a smooth transition

between hood and distal shaft. Emendations to F.

flammula and F. cri are provided in order to reflect

these changes.

Fabriciola flammula Rouse, 1993, Emended

Fabriciola flammula Rouse, 1993: 250-253, figs.

1-10, 48.

MATERIAL EXAMINED. Caribbean Sea, Belize, Car-

rie Bow Cay. Paratypes: LACM-AHF 1630, 3 specimens,
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Figure 1. Fabriciola phuketensis n. sp. A, entire animal, lateral view (holotype, LACM-AHF 1896); B, right half of

branchial crown, inner view (paratype, LACM-AHF1897); C, abdominal uncinus from setiger 9 (paratype, LACM-AHF
1897). Abbreviations: bh, branchial heart; dl, dorsal lip; vfa, ventral filamentous appendage; vl, ventral liplike process.
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Figure 2. Fabriciola phuketensis n. sp. A-C, dorsal, lateral (right side), and ventral views of anterior end, respectively

(holotype, LACM-AHF1896). Abbreviations: apr, anterior peristomial ring; bh, branchial heart; ppr, posterior peristomial

ring; vfa, ventral filamentous appendage.

south side of leeward jetty, algal turf on boulders and

Strombus shells, sta. F400, 22 May 1991, coll. G. Rouse.

REMARKS.Rouse (1993: 252) described inferi-

or thoracic notosetae in setigers 2-8 as broadly

hooded, flagellate. All inferior thoracic notosetae

are elongate, with narrow hoods, as seen in most

other Fabriciola species. It should be noted, how-

ever, that the hoods of inferior notosetae in setiger

1 of most Fabriciola are narrower than those seen

in subsequent setigers.

Rouse (1993: 251) stated that ventral lips are ab-

sent. At the base of each proximalmost pinnule of

the ventral radioles, there is a distinct, distally

rounded swelling, similar to that described here in

F. phuketensis (Fig. IB) and several other Fabriciola

(e.g., Fitzhugh, 1990a: fig. IE for F. baltica Fried-

rich, 1939; Fitzhugh, 1998: fig. 2B for F. rubra) as

a “ventral lip-like process.”

Fabriciola cri Rouse, 1996, Emended

Fabriciola cri Rouse, 1996: 1765-1768, figs. 1-12,

39, 42-43.

MATERIAL EXAMINED. Pacific Ocean, Papua New
Guinea, Madang Province. Paratypes: LACM-AHF1798,

10 specimens, from log lying in mangroves opposite Riwo
village, sta. F645, 23 August 1993, coll. G. Rouse, K. Fau-

chald, L.A. Ward, and P. Scott.

REMARKS.Rouse (1996: 1767, fig. 3) described

inferior thoracic notosetae in setigers 2-6 as broad-

ly hooded, flagellate. I consider these setae to be

elongate, narrowly hooded, as seen in most other

Fabriciola species. As I noted in the remarks on F.

phuketensis, however, I agree with Rouse’s assess-

ment that the hoods of inferior setae in setigers 2-6

are somewhat broader than those seen in setigers 1

and 7-8.
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Rouse (1993: 251) stated that ventral lips are ab-

sent. The bases of the proximal-most pinnules of the

ventral radioles do show some slight swelling, but

this is not pronounced and does not impart the ap-

pearance of the “ventral lip-like process” described

above in F. phuketensis (Fig. IB) or several other

Fabriciola species (e.g., Fitzhugh, 1990a: fig. IE for

F. baltica
;

Fitzhugh, 1998: fig. 2B for F. rubra).

REVISED KEYTO FABRICIOLA SPECIES

The following key is modified from Fitzhugh (1998). As

with that key, this one does not include F. spongicola

(Southern, 1921) or F. pacifica (Annenkova, 1934), as ma-

terial is unavailable and original descriptions are too in-

complete. Fabriciola toner ella Banse, 1959, is included

based on the original description.

la. Two abdominal setigers . . . F. minuta Rouse

b. Three abdominal setigers 2

2a. Pygidial eyes present 3

b. Pygidial eyes absent F. parvus Rouse

3a. Abdominal neuropodial pin-head setae pres-

ent, peristomial and pygidial eyes range from

red to brown 4

b. Pin-head setae absent, eyes black to light

brown 9

4a. Thoracic notopodia with inferior flagellate se-

tae in setigers 3-7 5

b. Flagellate setae absent 6

5a. Peristomial and pygidial eyes bright red . .

F. rubra Fitzhugh

b. Peristomial and pygidial eyes faint red

F. mediaseta Fitzhugh

6a. Peristomial and pygidial eyes bright red . . 7

b. Peristomial and pygidial eyes reddish-brown

Fabriciola sp. cf. F. berkeleyi Banse

7a. Body without pigmentation 8

b. Base of branchial crown with black pigment

F. cri Rouse

8a. Posterior margin of middorsal gap in peristo-

mial collar distinctly expanded
F. flammula Rouse

b. Middorsal collar gap narrow along entire

length F. phuketensis n. sp.

9a. Anterior peristomial ring collar relatively even

in height all around 10

b. Collar higher ventrally 11

10a. Middorsal gap in collar very wide

F. ghardaqa Banse

b. Collar gap narrow F. berkeleyi Banse

11a. Thoracic uncini few in number, 2-3 per fas-

cicle 12

b. Thoracic uncini more numerous, 5-8 per fas-

cicle 13

12a. Dorsal and lateral margins of anterior peristo-

mial ring collar relatively high

F. baltica Friedrich

b. Dorsal and lateral margins of collar very low

F. liguronis Rouse
13a. Branchial crown comprises 1/5 to 1/8 of total

body length ... F. brevibranchiata Fitzhugh

b. Branchial crown longer . . F. tonerella Banse

Pseudoaugeneriella Fitzhugh, 1998

Pseudoaugeneriella brevirama n. sp.

Figures 3-4

MATERIAL EXAMINED. Indian Ocean, Andaman
Sea, Thailand, Phuket Island. Holotype: LACM-AHF
1899, detrital scrapings off dead, branching, Acropora-

like coral, midhintertidal zone, collection made at low

tide, depth 0 m, 18 August 1997, coll. K. Fitzhugh. Par-

atypes: LACM-AHF 1900, 17 specimens (1 complete, 16

missing posterior end), same locality as holotype, scraping

of low mat of detritus and algae from shale rock, midin-

tertidal zone, collection made at low tide, depth 0 m, 18

August 1997, coll. K. Fitzhugh.

ETYMOLOGY.The specific epithet refers to the

short, vascularized, ventral filamentous appendages

of the crown.

DESCRIPTION. Holotype complete with 8 tho-

racic and 3 abdominal setigers; branchial crown
length, 0.4 mm; remainder of body, 1.3 mmlong;

maximum width, 0.15 mm. Body slender, slightly ta-

pering anteriorly and posteriorly (Fig. 3A). Branchial

crown with 3 pairs of radioles, distal ends filamen-

tous, same width as pinnules. Radioles each with 4-

5 pairs of pinnules, terminating at or slightly below

distal ends of radioles. Dorsal lips erect but low,

broadly rounded distally, distinct from radioles; low,

distally rounded, ventral liplike processes present at

bases of proximalmost pinnules of ventral radioles

(Fig. 3B). Vascularized ventral filamentous append-

ages present, about one-half the total length of ra-

dioles, surfaces slightly to very wrinkled, about one-

third wider than pinnules; interior of each filament

occupied by large blood vessel (Figs. 3A-B, 4B-C).

Dorsal margins of branchial lobes not fused to one

another. Branchial hearts present. Anterior margin of

anterior peristomial ring is a low ridge dorsally and

laterally (Figs. 3 A, 4A-B). Collar developed ventrally

as low, triangular lobe; wide basally, tapering distally

to broadly rounded margin (Fig. 4C). Annulation be-

tween anterior and posterior peristomial rings visible

ventrally. Middorsal medial lobe just dorsal to

mouth low, triangular. Pair of reniform (dorsal view)

or rounded (lateral) black eyes in anterior half of

posterior peristomial ring. Posterior peristomial ring

is four to five times longer than anterior ring. Setiger

1 slightly shorter than posterior peristomial ring, dis-

tinctly wider than it is long; remaining setigers slight-

ly longer but all wider than they are long. Setiger 9

slightly shorter than 8; setigers 10-11 each about

one-half the length of 9. Pygidium about the same

length as setiger 11, posterior margin slightly ta-

pered, rounded. Pair of round, black pygidial eyes.

Superior thoracic notosetae elongate, narrowly

hooded, 3 per fascicle. Inferior thoracic notosetae in

setigers 2 and 7-8 also narrowly hooded but shorter,

1-2 per fascicle; setigers 3-6 each with 2 pseudos-

patulate setae (Fig. 3C). Abdominal neuropodia of

setigers 9-11 with very elongate, narrowly hooded

setae, 2-3 per fascicle. Thoracic uncini acicular, main

fang slender; single large tooth slightly offset over

main fang, followed by a series of smaller teeth;
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Figure 3. Pseudoaugeneriella brevirama n. sp. A, entire animal, lateral view (holotype, LACM-AHF1899); B, right half

of branchial crown, inner view, entire crown length is 0.62 mm, ventral filamentous appendage length is 0.27 mm
(paratype, LACM-AHF 1900); C, inferior thoracic notopodial pseudospatulate seta from setiger 3 (paratype, LACM-
AHF 1900); D, thoracic uncinus from setiger 3 (paratype, LACM-AHF1900). Abbreviations: dl, dorsal lip; vfa, ventral

filamentous appendage; vl, ventral liplike process.

hood present (Fig. 3D); 4-7 uncini per fascicle in

straight or irregular single rows. Abdominal uncini

with 7-8 rows of teeth in profile, 3-4 teeth per row;

manubrium about 1.5 times longer than dentate re-

gion, slightly expanded proximally; uncini in setig-

ers 9-11 number 17, 16, and 11, respectively. Anus
midventral, along anterior margin of pygidium. Oc-

currence of oocytes or sperm could not be deter-

mined. Branchial crown unpigmented in all speci-

mens. Dark to light brown pigment present in most

specimens (absent in holotype) in dorsum of pos-

terior peristomial ring and present dorsally, later-

ally, and ventrally in setigers 2 or 3; remainder of

body cream colored. Specimens in loose tubes com-

posed of detritus and mucus. No brooding of young

observed.

REMARKS. Pseudoaugeneriella brevirama is

nearly identical to P. unirama, known only from

Okinawa Island. Both species have inferior thoracic

pseudospatulate setae in setigers 3-6 and abdomi-

nal uncini with manubria that are about 1.5 times

longer than the dentate region. The only difference

between the two species lies in the length of the

ventral filamentous appendages. The appendages

extend to nearly the distal end of the crown in P.

unirama (Fitzhugh, 1998: fig. 10B), whereas in P.

brevirama, appendages are one-half the length of

the crown.
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0.1 mm

Figure 4. Pseudoaugeneriella brevirama n. sp. A-C, dorsal, lateral (left side), and ventral views of anterior end, respec-

tively (paratype, LACM-AHF 1900). Abbreviations: apr, anterior peristomial ring; bh, branchial heart; ppr, posterior

peristomial ring; vc, ventral lobe extension of anterior peristomial ring; vfa, ventral filamentous appendage.

The holotype of P. brevirama is one of the small-

er specimens in the type series. One of the largest

specimens, which is complete except for the abdo-

men, has a crown length of 0.53 mmand a thorax

length of 1.20 mm.

THE STATUSOFPSEUDOAUGENERIELLA

The description of the monotypic Pseudoauge-

neriella by Fitzhugh (1998) was basically developed

out of necessity as a means of accommodating a

species that could not be placed in Augeneriella.

With the discovery of a species nearly identical to

P. unirama, the question of the monophyly of Pseu-

doaugeneriella must be addressed. This is especially

critical since there are no features unique to Pseu-

doaugeneriella that are not also found in at least

some other Fabriciinae taxa. The most recent cla-

distic analysis of relationships among Fabriciinae

taxa was that of Fitzhugh (1998), which provided

the basis for recognizing Pseudoaugeneriella. The
data from that study were used to perform a cla-

distic analysis here, with the inclusion of P. brevir-

ama and Fabriciola pbuketensis.

A total of 21 characters were used (Appendix I),

comprising a total of 40 apomorphic states, these

being the same ones used by Fitzhugh (1998) in an
analysis of relationships among Fabriciinae genera

and species. In that analysis, Fitzhugh (1998) con-

ducted two separate analyses, taking into consider-

ation different outgroup conditions for the dentition

in thoracic uncini (character 11), and the following

states were treated as plesiomorphic in the respective

analyses: state 1, teeth gradually decrease in size

away from the main fang; and state 2, large tooth

slightly offset from midline, followed by a series of

smaller teeth. Separate analyses were also performed

in the present study. Taxa included 58 fabriciin spe-

cies among 13 genera. The recognition of Fabriciola

berkeleyi and Fabriciola sp. cf. berkeleyi as different

species and thus their inclusion as separate entities

in the analysis here was justified by Fitzhugh (1992a:

71). Character state assignments for species (Appen-

dix II) are the same as those used by Fitzhugh

(1998), except in the cases of P. flammula and P. cri,

which have been recoded with only narrowly hood-

ed inferior thoracic notosetae [state 13(0)] in accor-

dance with the emendations discussed above. Clad-

ograms were constructed using the program Hen-
nig86 (Farris, 1988), with the heuristic command
options “mhennig*” and “bb*.” Character state dis-

tributions among trees were examined using the Tree

Gardener program (Ramos, 1997).

Both analyses produced over 1,071 trees (maxi-

mumheld in computer memory), each with a length

of 65 steps, a consistency index (ci) of 0.63, and a

retention index (ri) of 0.89. The consensus trees for

both analyses (Figs. 5-6) are similar to those found by

Contributions in Science, Number 477 Fitzhugh: Thailand Fanworms 7



Genus A

Manayunkia + Monroika

Pseudofabriciola

baltica

liguronis

minuta

parvus

berkeleyi

ghardaqa

brevibranchiata

tonerella

F. sp. cf. F. berkeleyi

flammula

cri

phuketensis, n. sp.

mediaseta

N rubra

\\\^ Pseudofabricia

Fabricia

\\ Parafabricia

^ Brifacia

Augeneriella

Fabhciola

umrama

brevirama
,

n. sp. |
Pseudoaugeneriella

Novafabricia

Fabricinuda

Figure 5. Strict consensus cladogram based on 1,071 cladograms from analysis with character 11 (thoracic uncini den-

tition) coded as state 1 (teeth gradually decrease in size away from main fang) for the outgroup. Monotypic genera are

indicated by dashed branches; species are shown for Fabriciola and Pseudoaugeneriella
;

nonmonophyletic genera are

indicated by white bars.
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Genus A

Manayunkia + Monroika

Pseudofabriciola

baltica

liguronis

minuta

parvus

berkeleyi

ghardaqa

brevibranchiata

tonerella

F. sp. cf. F. berkeleyi

flammula

cri

phuketensis, n. sp.

mediaseta

rubra

Pseudofabhcia

Fabricia

Parafabricia

Brifacia

Augeneriella

Fabriciola

unirama

brevirama, n. sp. |
Pseudoaugeneriella

Novafabricia

Fabricinuda

Figure 6. Strict consensus cladogram based on 1,071 cladograms from analysis with character 11 (thoracic uncini den-

tition) coded as state 2 (large tooth above main fang followed by series of smaller teeth) for the outgroup. Monotypic
genera are indicated by dashed branches; species are shown for Fabriciola and Pseudoaugeneriella

;
nonmonophyletic

genera are indicated by white bars.
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01 10 13

Monotypic genera are indicated by dashed branches; species-level relationships are shown for Novafabricia and Auge-

neriella. The distribution of states for characters 10 (thoracic pseudospatulate setae) and 13 (manubrium length in

abdominal uncini) is shown for terminal taxa. Note that the presence of pseudospatulate setae in setigers 3-6 [10(3)] is

a synapomorphy for Pseudoaugeneriella (cf. Fig. 8).

Fitzhugh (1998: figs. 18, 28), indicating the presence

of topologies in which Augeneriella and Novafabricia

Fitzhugh, 1990, are not monophyletic. As well, the

consensus tree for the analysis with state 11(2) pie-

siomorphic (Fig. 6) also allows for the possibility that

Fabriciola may not be monophyletic (see also Fitz-

hugh, 1998: figs. 28, 31). Relationships among Fa-

briciola species will be addressed in the next section.

In ail trees produced in both analyses, Fseudoau-

generiella is monophyletic, with P. unirama and P.

brevirama as sister taxa (e.g., Figs. 7-8). In all to-

pologies, Fseudoaugeneriella is sister group to a

clade that contains at least Augeneriella
; Novafa-

bricia
;

Farafabricia Fitzhugh, 1992; Brifacia Fitz-

hugh, 1998; Fabricia Blainville, 1828; and Fabri-

cinuda Fitzhugh, 1990. The lack of resolution in

the consensus tree is the result of movements of

Pseudofabricia Cantone, 1972, within and outside

this clade (see Fitzhugh, 1998).

The Fseudoaugeneriella clade is defined by either

state 10(3)-(distribution of inferior thoracic pseu-

dospatulate setae; Fig. 7) or 13(2)-(length of the

manubrium of abdominal uncini; Fig. 8), depend-

ing on the topology. The two species of Pseudoau-
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03 10 13

genera are indicated by dashed branches; paraphyletic Augeneriella is indicated by a white bar; species-level relationships

are shown for Novafabricia and Augeneriella. The distribution of states for characters 10 (thoracic pseudospatulate setae)

and 13 (manubrium length in abdominal uncini) is shown for terminal taxa. Note that the presence of a manubrium 1.5

times longer than the dentate region in abdominal uncini [13(2)] is a synapomorphy for the genus (cf. Fig. 7).

generiella have pseudospatulate setae in setigers 3-

6 [10(3)] and have a manubrium length 1.5 times

longer than the dentate region in abdominal uncini

[13(2)]. Other taxa with pseudospatulate setae lim-

ited to setigers 3-6 include two Augeneriella species

(A. hummelincki Banse, 1957; A. pectinata Fitz-

hugh, 1990) and two Novafabricia species [N. chi-

lensis (Hartmann-Schroder, 1962); N. labrus Fitz-

hugh, 1998]. Additional taxa with a manubrium
length like that of Pseudoaugeneriella include sev-

eral species in Pseudofabriciola Fitzhugh (P. Cali-

fornia Fitzhugh, 1991; P. peduncula Fitzhugh,

1996; P. sofla Fitzhugh, 1996) and Novafabricia

(N. tenuiseta Fitzhugh, 1990; N. triangularis Fitz-

hugh, 1990; N. exiguus Fitzhugh, 1998). The Pseu-

doaugeneriella clade can be defined by pseudospa-

tulates in setigers 3-6 only in those topologies in

which Augeneriella is not the most plesiomorphic

taxon in the clade that is most closely related to

Pseudoaugeneriella (Fig. 7). Manubrium length is a

synapomorphy for Pseudoaugeneriella in those to-

pologies in which Novafabricia is not the most ple-

siomorphic taxon in the clade that is most closely

related to Pseudoaugeneriella (Fig. 8).
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Genus A

Pseudofabricia

baltica

liguronis

minuta

parvus

berkeleyi

ghardaqa

brevibrancbiata

tonerella

F. sp. cf. F. berkeleyi

flammula

cri

phuketensis
,

n. sp.

mediaseta

rubra

Manayunkia + Monroika

Pseudofabriciola

Pseudoaugeneriella

Fabriciola

Augeneriella

Fabricia

Parafabricia

Brifacia

Novafabricia

Fabricinuda

Figure 9. Single cladogram showing the placement of Pseudofabricia as sister group to Fabriciola, Manayunkia, Mon-
roika, and Pseudofabriciola. Note that this arrangement results in Fabriciola being paraphyletic, since nonvascularized

filamentous appendages [1(1)] are present both in Pseudofabricia and Fabriciola, and are thus plesiomorphic for the

clade. Monotypic genera are indicated by dashed branches; paraphyletic genera are indicated by white bars; species-level

relationships are only shown for Fabriciola and Augeneriella.

Fitzhugh (1998) noted that the increase in Fabri-

ciinae species and genera has not been followed by

a similar increase in character data, which has led

to greater topological instability in relationships as

well as ambiguity in the monophyly of some genera

(e.g., Augeneriella and Novafabricia). Unfortunate-

ly, while the definition of Pseudoaugeneriella has

not changed from that provided by Fitzhugh

(1998), the addition of a second species leaves the

issue of monophyly still unresolved.

CLADISTIC RELATIONSHIPSAMONG
FABRICIOLA SPECIES

The present cladistic analyses of fabriciin genera

and species show relationships among Fabriciola

similar to those described by Fitzhugh (1998: figs.

18, 28, 31). Fabriciola is monophyletic in all trees

in the analysis with state 11(1) as plesiomorphic

(Fig. 5), whereas some topologies in the analysis

with state 11(2) as plesiomorphic allow for Fabri-
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branchial ‘skeleton’

6(1)

baltica

liguronis

minuta
parvus

berkeleyi

brevibranchiata

ghardaqa

tonerella

F. sp. cf. F. berkeleyi

cri

flammula

phuketensis

mediaseta

rubra
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liguronis

minuta
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berkeleyi
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ghardaqa

tonerella

F. sp. cf. F. berkeleyi
cri

flammula

phuketensis

mediaseta

rubra
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liguronis

minuta
parvus

berkeleyi

brevibranchiata

ghardaqa

tonerella

F. sp. cf. F. berkeleyi

cri

flammula

phuketensis

mediaseta

rubra

parvus
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phuketensis
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rubra

Figure 10. A-C, relationships among Fabriciola species derived from data in Appendix IV. Character state changes are

shown in A and are the same in all trees. D, relationships among Fabriciola species derived from data in Appendix IV,

except that the absence of pygidial eyes [4(1)] is plesiomorphic. Relationships produced by this change are the same as

in A-C, except that F. parvus is plesiomorphic to the clade that includes F. baltica, F. liguronis, and F. minuta.

ciola to be paraphyletic relative to Manayunkia Lei-

dy, 1859; Monroika Hartman, 1951; and Pseudo-

fabriciola (Figs. 6, 9). These instances of paraphyly

in Fabriciola are due to the placement of Pseudo-

fabricia as sister group to Fabriciola, Manayunkia,

Monroika, and Pseudofabriciola, such that nonvas-

cularized ventral filamentous appendages [1(1)] are

plesiomorphic for this clade (Fig. 9). Given the ex-

tensive instability in the placement of Pseudofabri-

cia (see Fitzhugh, 1998), I consider the possibility

that Fabriciola may be paraphyletic to be an anom-
alous situation resulting from the lack of character

data sufficient to resolve the placement of Pseudo-

fabricia.

Current relationship patterns among Fabriciola

species were examined in a separate cladistic anal-

ysis using a subset of the characters from the above

analyses [i.e., six characters with a total of seven

apomorphic states (Appendix III), as well as the 14

species (Appendix IV)]. The outgroup condition for

pygidial eyes (character 4) was coded as either ab-

sent [4(2)] or black eyes present [4(0)], which re-

flects the possible plesiomorphic conditions for Fa-

briciola based on the earlier analyses. The exhaus-

tive search command “ie*” was used in Hennig86,

and this command produced three trees (Fig. 10),

regardless of the outgroup assignment for pygidial

eyes, each of which had a length of 7 steps and a

ci and ri of 1.00. The topologies produced are sim-

ilar to those reported by Fitzhugh (1998: fig. 34).

With black pygidial eyes coded as plesiomorphic

(Fig. 10A-C), there are two major clades —(i) F.
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baltica
;

F. liguronis Rouse, 1993; F. minuta Rouse,

1996; and F. parvus Rouse, 1993; and (ii) F. ber-

keleyi
;

F. brevibranchiata Fitzhugh, 1992; F. ghar-

daqa Banse, 1959; F. tonerella Banse, 1959; Fabri-

ciola sp. cf. F. berkeleyi
;

F. cri
;

F. flammula ;
F. pbu-

ketensis
;

F. mediaseta
;

and F. rubra. The former

clade is defined by the presence of a branchial

“skeleton” [6(1)], the latter by the presence of red

peristomial [2(1)] and pygidial eyes [4(2)]. The
clade with red eyes also has an apomorphic clade

of species which have abdominal pinhead setae

[5(1)]. Differences between the trees is due to the

movement of F. tonerella (cf. Fig. 10A-C), since the

presence or absence of pinhead setae is unknown
for that species. Topologies are the same when py-

gidial eyes are coded as absent for the plesiom-

orphic condition (e.g., Fig. 10D), except within the

clade comprising F. baltica, F. liguronis, F. minuta,

and F. parvus. Since pygidial eyes are absent in F.

parvus, the presence of black eyes defines the more
inclusive clade comprising F. baltica, F. liguronis,

and F. minuta.

The only notable difference between the topolo-

gies obtained by Fitzhugh (1998: fig. 34) and those

reported here (Fig. 10) is the separation of F. cri

and F. flammula from the clade with F. mediaseta

and F. rubra. Fitzhugh’s (1998) analysis grouped

these species by the presence of inferior thoracic

flagellate setae, which were shown above to be ab-

sent in F. cri and F. flammula. It is possible that

greater resolution could be obtained for Fabriciola

relationships if peristomial collar construction were

taken into consideration. For instance, in several

cladistic analyses (Fitzhugh, 1991, 1992b, 1993) of

relationships among Fabriciinae genera and species

as well as among Fabriciola species (Fitzhugh,

1992a), collar height has been taken into consid-

eration. Within Fabriciola, most species have a low

membranous collar of even height all around. The
ventral collar margin is, however, distinctly higher

in F. baltica, F. liguronis, F. minuta, F. parvus, and

F. tonerella. I have opted to not take this feature

into consideration here, since there is complete am-
biguity as to the plesiomorphic collar state among
species of Fabriciola. Species of Manayunkia have

a membranous collar with a higher ventral margin,

but an exclusive sister group relationship with Fa-

briciola is not unambiguous (e.g., Figs. 5-6). Pseu-

dofabriciola, too, has a membranous collar, but it

is uniformly high all around. Remaining fabriciin

genera have a collar condition unlike that seen in

these three genera.
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Appendix I. Characters and states used to determine cladistic relationships among Fabriciinae genera and species.

1. Ventral filamentous appendages: (0) absent; (1) nonvascularized, unbranched; (2) vascularized, unbranched; (3)

vascularized, branched.

2. Dorsal lips: (0) well-develped, triangular lobes, with dorsal margins well separated from proximalmost pinnules of

dorsal radioles; (1) dorsal margins fused with proximalmost radioles to some extent, forming low to moderately

narrow ridges; (2) absent.

3. Position of branchial crown: (0) extends over entire anterior end; (1) shifted dorsally to some extent.

4. Branchial lobe shape: (0) wide and short; (1) narrow and elongate, and/or with pedunclelike process.

5. Anterior peristomial ring collar: (0) low ridge dorsally and laterally, ventrally as narrow lobe; (1) membranous, of

varying height; (2) low ridge dorsally and laterally, ventrally as broad lobe; (3) low ridge all around.

6. Middorsal collar surface: (0) separate; (1) entire and distinctly grooved; (2) entire and smooth.

7. Middorsal collar margin: (0) separate; (1) entire; (2) notched or incised.

8. Anterior peristomal ring dimensions: (0) wider than long; (1) longer than wide.

9. Peristomal eyes: (0) red in live specimens, disappear in preservation; (1) red in live specimens, persist in preserva-

tion; (2) black, well developed, in live and preserved specimens; (3) black, poorly developed, in live and preserved

specimens.

10. Distribution of inferior thoracic pseudospatulate notosetae among setigers 2-8: (0) absent; (1) 2-5; (2) 3-5; (3) 3-

6; (4) 3-7; (5) 3-8; (6) broadly hooded, flagellate in 3-7 or 2-8.

11. Dentition above main fang of thoracic uncini: (0) series of uniformly small teeth; (1) teeth gradually decrease in

size away from main fang; (2) large tooth slightly offset from midline, followed by series of smaller teeth.

12. Dentition of abdominal uncini: (0) >1 row of teeth; (1) single row of teeth.

13. Manubrium of abdominal uncini: (0) Amphicorina- like; (1) about two times longer than dentate region; (2) about

1.5 times longer than dentate region; (3) same length as dentate region.

14. Pygidial eyes: (0) absent in live and preserved specimens; (1) black in live and preserved specimens; (2) red in live

specimens, persist in preservation; (3) red in live specimens, disappear in preservation.

15. Radioles: (0) 3 or more pairs; (1) 2 pairs.

16. Body-wall spicules: (0) absent; (1) present.

17. Branchial hearts: (0) absent; (1) present.

18. Displaced pinnules: (0) absent; (1) present.

19. Pinnule arrangement: (0) distinctly pectinate; (1) 2-4 pinnules at bases of branchial lobes.

20. Abdominal neuropodial pinhead setae: (0) absent; (1) present.

21. Branchial “skeleton”: (0) absent; (1) present.
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Appendix H. Character-state matrix for Fabriciinae genera and species based on character states presented in Appendix I.

1 1 1 1 1 1 1 1 1 1 2 2

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

Outgroup 0 0 0 0 0 0 0 0 0 0 1/2 0 0 3 0 0 0 0 0 0 0
Manayunkia aestuarina 2 0 0 0 1 0 0 0 2 1 1 0 1 0 1 0 1 0 1 0 0
M. baicalensis 2 0 0 0 1 0 0 0 2 0 1 0 1 0 1 0 1 1 0 0 0
M. brasiliensis 2 0 0 0 1 0 0 0 2 1 1 0 1 0 1 0 1 1 1 0 0
M. polaris 2 0 0 0 1 0 0 0 2 3 1 0 1 0 1 0 1 0 1 0 0
M. speciosa 2 0 0 0 1 0 0 0 2 0 1 0 1 0 1 0 1 1 0 0 0
Monroika africana 2 0 0 0 1 0 0 0 ? 2 2 0 3 ? 1 0 1 1 0 0 0
Augenenella dubia 2 0 0 0 2 0 0 0 0 0 0 0 1 3 0 1 1 0 0 0 0
Genus A sp. 2 0 0 0 2 0 0 0 0 0 0 0 1 3 0 1 1 0 0 0 0
Fabriciola battica 1 0 0 0 1 0 0 0 2 0 1 0 1 1 0 0 1 0 0 0 1

F. berkeleyi 1 0 0 0 1 0 0 0 1 0 1 0 1 2 0 0 1 0 0 0 0
F. sp. cf. F. berkeleyi 1 0 0 0 1 0 0 0 1 0 1 0 1 2 0 0 1 0 0 1 0
F. brevibranchiata 1 0 0 0 1 0 0 0 1 0 1 0 1 2 0 0 1 0 0 0 0
F. cn 1 0 0 0 1 0 0 0 1 6 1 0 1 2 0 0 1 0 0 1 0
F. flammula 1 0 0 0 1 0 0 0 1 6 1 0 1 2 0 0 1 0 0 1 0
F. ghardaqa 1 0 0 0 1 0 0 0 1 0 1 0 1 2 0 0 1 0 0 0 0
F. liguronis 1 0 0 0 1 0 0 0 2 0 1 0 1 1 0 0 1 0 0 0 1

F. mediaseta 1 0 0 0 1 0 0 0 1 6 1 0 1 2 0 0 1 0 0 1 0
F. minuta 1 0 0 0 1 0 0 0 2 0 1 0 1 1 0 0 1 1 0 0 1

F. parvus 1 0 0 0 1 0 0 0 2 0 1 0 1 0 0 0 1 0 0 0 1

F, phuketensis n. sp. 1 0 0 0 1 0 0 0 1 0 1 0 1 2 0 0 1 0 0 1 0
F. rubra 1 0 0 0 1 0 0 0 1 6 1 0 1 2 0 0 1 0 0 1 ?
F. tonerella 1 0 0 0 1 0 0 0 1 0 1 0 1 2 0 0 1 0 0 ? 0
Pseudofabriciola analis 0 1 0 1 1 2 1 0 2 0 1 0 3 1 0 0 1 0 0 0 0
P. australiensis 2 0 0 1 1 2 2 0 2 0 1 0 3 1 0 0 1 0 0 0 0
P. califomica 0 0 0 1 1 1 1 0 2 0 2 0 2 1 0 0 1 0 0 0 0
P. capensis 0 0 0 1 1 1 1 0 2 0 2 0 3 1 0 0 1 0 0 0 0
P. filamentosa 0 7 0 1 1 2 1 c 2 0 1 0 1 1 0 0 1 0 0 0 0
P. incisura 2 0 0 1 1 2 2 0 2 0 1 0 3 1 0 0 1 0 0 0 0
P. tonga 0 1 0 1 1 2 1 0 2 0 1 0 3 1 0 0 1 0 0 0 0
P. longipyga 0 1 0 1 1 2 2 0 2 0 1 0 1 1 0 0 1 0 0 0 0
P. peduncula 0 1 0 1 1 2 1 0 2 0 1 0 2 1 0 0 1 0 0 0 0
P. quasiincisura 2 0 0 1 1 2 2 0 2 0 1 0 3 1 0 0 1 0 0 0 0
P. sofla 0 1 0 1 1 2 1 0 2 0 1 0 2 1 0 0 1 0 0 0 0
Fabncia stellans 0 0 0 0 2 0 0 0 2 4 2 0 1 1 0 0 1 0 0 0 0
Pseudofabricia aberrans 1 0 0 0 2 0 0 0 2 0 2 0 3 1 0 0 1 0 0 0 0
Augenenella basifurcata 3 0 0 0 2 0 0 0 3 4 2 0 3 1 0 0 1 0 0 0 0
A. hummelincki 3 0 0 0 2 0 0 0 2 3 2 0 1 1 0 0 1 0 0 0 0
A. lagunari 3 0 0 0 2 0 0 0 3 4 2 0 3 1 0 0 1 0 0 0 0
A. mossambica 3 0 0 0 2 0 0 0 2 4 2 0 3 1 0 0 1 0 0 0 0
A. pectinata 3 0 0 0 2 0 0 0 2 3 2 0 3 1 0 0 1 0 0 0 0
Novafabncia bilobata 0 1 0 0 2 0 0 0 2 4 2 0 3 1 0 0 1 0 0 0 0
N. brunnea 0 1 0 0 2 0 0 0 2 2 2 0 1 1 0 0 1 0 0 0 0
N. chilensis 0 1 0 0 2 0 0 0 2 3 2 1 3 1 0 0 1 0 0 0 0
N. exiguus 0 1 0 0 2 0 0 0 2 2 2 0 2 1 0 0 1 0 0 0 0
N. gerdi 0 1 0 0 2 0 0 0 2 2 2 1 3 1 0 0 1 0 0 0 0
N. infratorquata 0 1 0 0 2 0 0 0 2 2 2 0 1 1 0 0 1 0 0 0 0
N. labms 0 1 0 0 2 0 0 0 2 3 2 0 3 1 0 0 1 0 0 0 0
N. tenuiseta 0 1 0 0 2 0 0 0 2 0 2 0 2 1 0 0 1 0 0 0 0
N. triangularis 0 1 0 0 2 0 0 0 2 2 2 0 2 1 0 0 1 0 0 0 0
Parafabricia ventricingulata 0 0 0 0 2 0 0 0 2 4 2 0 3 1 0 0 1 0 0 0 0
Fabricinuda limnicola 0 2 0 0 3 0 0 1 2 5 2 0 3 1 0 0 1 0 0 0 0
F. bikinii 2 2 1 0 3 0 0 1 2 5 2 0 3 1 0 0 1 0 0 0 0
F. tnlobata 2 2 1 0 3 0 0 1 2 5 2 0 3 1 0 0 1 0 0 0 0
F. pseudocollaris 2 2 0 0 3 0 0 1 2 5 2 0 3 1 0 0 1 0 0 0 0
F. pseudopalpa 0 0 0 0 3 0 0 1 2 5 2 0 3 1 0 0 1 0 0 0 0
Pseudoaugeneriella unirama 2 0 0 0 2 0 0 0 2 3 2 0 2 1 0 0 1 0 0 0 0
P. brevlrama n. sp. 2 0 0 0 2 0 0 0 2 3 2 0 2 1 0 0 1 0 0 0 0
Bnfacia metastellaris 0 0 0 0 2 0 0 0 2 4 2 0 3 1 0 0 1 0 0 0 0
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Appendix III. Characters and states used to determine

cladistic relationships among Fabriciola species.

1. Ventral filamentous appendages: (0) vascularized, un-

branched; (1) nonvascularized, unbranched.

2. Peristomial eyes: (0) black, well developed; (1) red or

reddish brown.

3. Inferior thoracic notosetae: (0) elongate, narrowly

hooded in all setigers; (1) broadly hooded, flagellate

in some setigers.

4. Pygidial eyes: (0) black; (1) red or reddish brown; (2)

absent.

5. Abdominal pinhead setae: (0) absent; (1) present.

6. Branchial “skeleton”: (0) absent; (1) present.

Appendix IV. Character-state matrix for Fabriciola species

based on character states presented in Appendix III.

1 2 3 4 5 6

Outgroup 0 0 0 0 0 0

baltica 1 0 0 0 0 1

berkeleyi 1 1 0 1 0 0

F. sp. cf. F. berkeleyi 1 1 0 1 1 0

brevibranchiata 1 1 0 1 0 0

cri 1 1 0 1 1 0

flammula 1 1 0 1 1 0

ghardaqa 1 1 0 1 0 0

liguronis 1 0 0 0 0 1

mediaseta 1 1 1 1 1 0

minuta 1 0 0 0 0 1

parvus 1 0 0 2 0 1

phuketenisis n. sp. 1 1 0 1 1 0

rubra 1 1 1 1 1 p

tonerella 1 1 0 1 p 0
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